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DurinG the spring of several successive years, Dr. E. C. Jeffrey 
collected a considerable amount of lignite from the Middle Cretaceous 
of Cliffwood, New Jersey, which he has since turned over to the writer 
for investigation. The material was from two localities,— that from 
the yards of the Cliffwood Brick Company, and that from Cliffwood 
Beach. The former lot was as a whole badly pyritized and of no 
value from a structural standpoint; while the latter was often per- 
fectly preserved, revealing all the details of its structure under micro- 
scopical examination. The greater part was found to belong to the 
genera Cupressinoxylon, Araucarioxylon, and Brachyoxylon, and will 
be described later. There were also specimens representing three 
types of Pityorylon; the characteristics and affinities of which it is 
the purpose of this paper to discuss. 


Pinus protoscleropitys n. sp. 


It will be appropriate to begin with the one which most closely 
resembles modern forms. Figures a, c, and-e, Plate 1, reveal the general 
features of the lignite in question. It will be noticed that the tra- 
cheides are small and thick walled. Thesummer elements are few in 
number, but limit a well marked annual ring, as shown in the lower 
part of Figurea. Resin ducts such as are characteristic of all Pityoryla 
occur in two planes. Figure a includes two vertical canals, and to the 
right a horizontal one. It is apparent that both are completely 
filled with tyloses,— a condition more clearly seen in Figures ¢c and e. 
Surrounding each, there is a jacket of epithelial parenchyma. The 
cells composing this jacket are thin walled, heavily pitted, and in 
general devoid of contents. Figure d, on the other hand, illustrates 
a case where they are filled with a dark, resinous substance. Figure } 
gives the topography next the pith,— at a lower magnification. It 
will be noticed that, as in the hard pines, there is a double series of 
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resin ducts in the first annual ring, but the inner series in this case lies 
in the primary wood. This condition is at variance with that of hard 
pines where both are in the secondary wood. The presence of resin 
canals in the primary wood is not unparalleled in the coniferous series, 
— they occur in the primary wood of the root of all the Abietineae (1), 
of the cone axis of Sequoia gigantea (2), and of certain members of the 
Araucarineae (3). True medullary canals, such as have been de- 
scribed in Pinus succinifera (Goepp) Conw. (4) seem to be entirely 
absent. In the succeeding annual rings, the vertical canals are 
smaller and less frequent. With the horizontal canals they form a 
freely anastomosing system (Figure c). 

Figure b also shows the character of the pith. Scattered among the 
thin walled parenchyma cells there are clusters of very thick-walled 
sclerified elements. Such a cluster occurs in the upper part of Figure 
b. These show a tendency to be in more or less definite horizontal 
bands, but do not form true diaphragms. 

The medullary rays are of two sorts,— linear and fusiform. The 
latter are frequent, and always embrace a resin canal (at the left of 
Figure e), a leaf trace (Figure f) or both. The linear rays are much 
more abundant, as may be seen in any of the illustrations. They are 
usually low, and as in living pines, destitute of resinous content. The 
walls are thin and heavily pitted. The lateral pits, as shown in 
Figures a and b, Plate 2, vary from one to two to each cross field; they 
are small, the mouths lenticular on the wall of the ray and circular on 
that of the tracheide. Not infrequently there are indications of 
fusion where two small pits unite to form one of medium size. At the 
extreme lower right of Figure a, and in the upper part of Figure b, such 
phenomena are represented. The resulting pore is rarely as large as 
in modern pines such as Pinus strobus, though occasionally a single pit 
occupies almost the entire cross field, as in the lower left of Figure b. 
Both horizontal and end walls are also heavily pitted. 

In association with this parenchyma, there are longer and lower 
cells, always devoid of contents, with bordered pits on lateral, hori- 
zontal and end walls. That these are ray tracheides, such sections as 
are photographed for Figures ¢ and d, prove beyond question. They 
may occur only on one margin of a ray, or on both, as in Figure ec. 
Rarely they are interspersed, with parenchyma above and below. 
Projecting in from the horizontal walls, there are well marked teeth. 
These may be seen in the lower ray tracheide of Figure c, the upper 
one of Figure d and better in Figure e. These teeth are doubtless 
analogous to similar appearances in hard pines, though less developed 
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than is usually the case in the latter: Aside from our specimen, there 
are but two instances where ray tracheides have been described in a 
fossil,— Pinus scituatensiformis, Bailey (5) and P. succinifera (Goepp.) 
Conw. (4). In the former, the walls seem to be smooth like those of 
living soft pines, while in the latter, Conwentz figures just such a 
sculptured appearance as is presented by the lignite under considera- 
tion. 

The pitting of the ‘tracheides is entirely confined to the radial wall. 
Owing to the small size of the elements, the pores are usually uniseriate. 
They are normally circular in outline and scattered; rarely toward 
the end of a tracheide, they become closely approximated and flat- 
tened by mutual contact. Figure d, Plate 1, represents a typical 
condition. In the larger tracheides of the spring wood, the pores are 
often diseriate. In such instances they are always opposite and sep- 
arated by well marked “bars of Sanio.” In the living condition 
these bars are formed'by the thickening of the cellulose middle lamella, 
which in the process of fossilization, rots away, leaving an empty 
space. Consequently the bar appears asa white line. A particularly 
favorable region is shown in Figure f, Plate 2. Were anything more 
needed to demonstrate the Abietineous affinities of our lignite, these 
would suffice, since as shown by Miss Gerry (6) these bars of Sanio 
are invariably absent in woods of Araucarian affinities. 

The short shoots in this fossil are much larger than those in most 
living pines, though never showing annual rings as in Ginkgo, Figure c, 
Plate 4, represents one of these organs. On careful examination it may 
be seen that there is a single row of resin ducts in the wood, and that 
the medulla contains sclerotic nests similar to those of the main axis. 
This section was cut at some distance from the pith. Figure d, Plate 4, 
shows, at a lower magnification, a section cut considerably nearer the 
centre. In the upper part of the photograph the short shoot may be 
seen; toward the lower limit, there is a dark spot. Figure f, Plate 1, 
represents this spot at a much higher magnification, and demonstrates 
its foliar nature. Examination of serial sections has shown that at its 
departure from the medulla, each brachyblast is subtended by an 
axillating leaf trace, which dies out after a few years, leaving an appar- 
ently unaxillated short shoot. A similar condition has been described 
by Dr. Jeffrey in the case of Woodworthia, an Araucarian from the 
Triassic (7): in Woodworthia, however, these short shoots often branch, 
which is never the case in this Pityorylon. The short shoot of Ginkgo 
is always axillated, in this case by a double leaf trace; in Larix also the 
short shoots are axillary structures. In the majority of living pines, 


{ 
: 
} 
~ 
< 
t 
ai 
« 


612 PROCEEDINGS OF THE AMERICAN ACADEMY. 


however, such is not the case. That the primitive condition was for 
the brachyblast to be subtended by a leaf trace, is further indicated 
by the occasional presence of an axillating strand in the seedling of 
certain living pines, —e. g. Pinus strobus, and in the mature wood of 
certain others,—e. g. Pinus Jeffreyi. The character of the short 
shoot thus presents an interesting example of seedling recapitulation. 
The leaf traces of this Pityorylon are not confined to an axillat- 
ing position, but are quite numerous near the pith. Their presence 
would indicate that the leaves of this conifer were of two sorts,— 
those borne directly on the main axis as in the seedling of living 
pines, and those on short shoots. Such a condition has been figured 
by Fontaine (8) in Leptostrobus, Heer. The foliar strands are jack- 
eted by parenchyma, the whole forming a fusiform ray (Figure f). 
Not infrequently a resin duct accompanies them in their outward 
journey,— a condition comparable to that of the vegetative leaves of 
some of the Abietineae, and of the sporophyll traces of some of 
the Araucarineae (3). 

Having described the salient features in the anatomy of this speci- 
men, it remains to consider its affinities. The presence of resin canals 
in two planes relegates it at once to the genus Pityorylon, Kraus, and 
the short shoots narrow its possibilities to Lariz and Pinus. There 
are a number of reasons for excluding the former,— dentate ray 
tracheides, thin-walled ray parenchyma, with fusion pits, abundant 
tylosed resin canals,— none of which occur in the wood of the larch. 
Further Lariz has wood parenchyma at the end of the year’s growth 
and tangential pits,— both of which are absent here. It seems clear 
therefore that our lignite belongs to the genus Pinus. Pines may be 
divided into two great groups,— hard and soft. Aside from certain 
external criteria,— for the most part unreliable,— the two groups may 
be differentiated by the following characters. Hard pines have 
sculptured ray tracheides, two or more rows of resin canals in the first 
annual ring, sclerified pith (except most of the two-needled varieties) 
and lack tangential pitting (except in the first few year’s growth and 
the cone axis). Soft pines on the other hand, have smooth walled ray 
tracheides, a single row of resin canals in the first annual ring, tangen- 
tial pitting, and lack stone cells in the pith. On all four of these fea- 
tures, our lignite belongs with the hard pines, and since it is the earliest 
known completely differentiated hard pine, we propose for it the name 
of Pinus protoscleropitys. In using the generic name Pinus rather 
than Pityorylon, we are following the example set by Conwentz and 
Bailey, since the specimen in question cannot be separated anatom- 
ically from living pines. 
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It is of interest to compare this type with other fossil pines. The 
only ones described up to now with ray tracheides are Pinus scituaten- 
siformis, Bailey (5) and P. succinifera, Conw. (4). First let us con- 
sider the former, since it is of the same geological age as our specimen. 
Both have a sclerified pith, large short shoots, and tyloses in the resin 
canals. P. situatensiformis differs from the lignite described in this 
article in numerous features,— the ray tracheides are smooth walled, 
the rays and abundant epithelium of the vertical canals are highly 
resinous, the lateral pits of the rays are small and invariably one per 
crossfield, the summer tracheides are pitted on their tangential walls, 
and the short shoot has no axillating leaf trace. While our specimen 
is a typical hard pine, that described by Mr. Bailey unites the char- 
acteristics of both groups,— it has the tangential pitting and smooth 
ray tracheides of a soft pine, with the sclerified pith of a hard. It 
seems to be a more generalized type, perhaps representing an ancestral 
condition before the two groups had become sharply separated. 

With P. succinifera of the early Tertiary, our lignite has more in 
common. Both have sculptured ray tracheides in marginal and inter- 
spersed positions; thin-walled, non-resinous ray parenchyma; septate 
tracheides around the resin ducts, which are surrounded by thin-walled 
heavily pitted epithelium and filled with tyloses. On the other hand, 
as opposed to our specimen, P. succinifera has but a single row of resin 
ducts in the first annual ring; tangential pits; tyloses in the tra- 
cheides; ray cells with sometimes four small piciform pits to each cross- 
field, sometimes one large fusion pit; resin canals embedded in the 
pith, and no stone cells. Further, ray tracheides in P. succinifera 
do not occur normally in the first few years’ growth, while in our form 
they are present in the first annual ring. 

From this comparison of P. protoscleropitys with other similar 
Pityoxyla it is evident that the former represents a higher and more 
specialized type than either of the others. It has all the features of a 
living hard pine, while the others present different combinations of the 
features of both hard and soft. The occurrence of a completely differ- 
entiated hard pine as far back as the Middle Cretaceous substantiates 
the conclusion reached by Jeffrey (9) from a study of the leaves that 
the two groups had already become separate by the Middle Creta- 
ceous. Zeiller’s description of cones of both groups from the Jurassic 
renders it probable that the separation goes back to that epoch. An 
interesting corollary to the presence of such a modern type of wood in 
the Cretaceous is afforded by the modern character of the leaves of 
Upper Cretaceous pines described by Stopes and Kershaw (10). 
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These facts indicate that the Abietineae are a much older group geo- 
logically than is usually supposed. It is further evident that such 
forms as these must be the ancestors of living pines, and that such 
forms as Pinus scituatensiformis and P. succinifera,— of the same or 
later geological age, yet less specialized,— are off the main line of 
development. 

Before leaving this specimen, it is convenient to consider the light 
it throws on the origin of ray tracheides. Jeffrey and Chrysler (11) 
concluded that ray tracheides were evolved during the early Tertiary, 
basing their conclusions on the following developmental and palaeobo- 
tanical evidence. Ray tracheides are absent from the cone axis of 
most modern pines, and poorly developed in the seedling; they are 
absent in Pinites Ruffordi, Seward (12) (Wealden), Pityorylon staten- 
sense and P. scitwatense (Middle Cretaceous) and do not appear for 
several years’ growth in Pinus succinifera (Early Oligocene or Late 
Eocene). The discovery of ray tracheides in P. scituatensiformis 
(Middle Cretaceous) led Mr. Bailey to the conclusion that these 
structures came in during the Middle Cretaceous. In that species 
they do not appear at all in the first ten to fifteen years’ growth and 
thereafter are but poorly developed. Their occurrence, though rare, 
in the first annual ring of P. protoscleropitys (Middle Cretaceous) 
and their abundance later, seems to indicate that they are a more 
ancient feature than has been assumed by any of the above cited 
investigators. It is probable that they were developed in the Lower 
Cretaceous if not in the Jurassic. 

As regards the origin of ray tracheides, the final word remains to 
be said. There are two theories which have been advanced to explain 
the question. Thompson (13) has suggested that tracheary ray cells 
are derived from vertical tracheides, which by progressive shortening, 
have taken on a horizontal position. Stages in such a process he found 
in Pinus resinosa and P. strobus. As Bailey pointed out there are two 
objections to this theory,— if these phenomena are recapitualtionary 
or reversionary, in the first place, why are they more evident in these 
highly specialized varieties than in such primitive ones as the Nut 
and Foxtail pines? And, in the second, why are they completely 
absent in fossil forms? Mr. Bailey was unable to find any trace of 
such an origin in P. scituatensiformis, and I have been unable to find 
any in P. protoscleropitys. Since there is no confirmatory evidence in 
the case of the primitive living forms, or the two oldest known fossil 
forms, it seems improbable that Mr. Thompson’s interpretation is 
correct. 
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On the other hand, Penhallow (14) has suggested that they have 
been formed from ray parenchyma by a thickening of the cell wall. 
As Bailey points out, the evolutionary sequence has been from thick- 
to thin-walled parenchyma, not vice versa,— a consideration which 
immediately invalidates this hypothesis. 


Pityoxylon foliosum n. sp. 


The next specimen to be considered is much less like modern forms 
than that just described. Figures a and 6, Plate 3, represent at 
different magnifications cross sections of the wood. As may be seen in 
Figure 6, the annual rings are very broad and well marked,— the first 
occurring near the lower limit of the field. Another appears a little 
below the centre of Figure a. There are many concentric arcs extend- 
ing half way or more around the stem, caused by some external 
pressure in the process of fossilization. One such is shown in the 
upper part of Figure a. That it is not a true growth ring is proven 
by the fact that it does not completely encircle the medulla, and that 
the tracheides composing it are not pitted on the tangential wall,— 
an invariable characteristic of the summer tracheides of the lignite 
in question. 

Resin ducts are very numerous, extending in two planes,— vertical 
and horizontal. The vertical canals are surrounded by clusters of 
highly resinous epithelial parenchyma. Not infrequently a single 
mass contains three or even four tangentially grouped canals, which 
as may be seen from longitudinal sections, intercommunicate. The 
epithelium is moderately thick-walled, and densely perforated by 
simple pits. The horizontal canals are also numerous, as shown by 
Figure e. ‘Together with the vertical canals they form a freely anasto- 
mosing system of resin passages throughout the wood. Both hori- 
zontal and vertical canals, especially the latter, are almost invariably 
filled with thick-walled tyloses. At the extreme right of Figure } the 
proximity of the canals to the pith may with difficulty be ascertained. 
Figure d, a radial longitudinal section, shows the relation more clearly. 
In fact the canals are often so near to the medulla that in transverse 
section they appear to be embedded init. A more careful examination 
however, reveals the presence of a jacket of metaxylem elements 
around the duct. This occurrence of canals in the primary wood is 
unknown in the main axis of living pines, but is similar to that of 
Pinus protoscleropitys. 

Toward the right of Figure 6, a vascular strand may be seen to pass 
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off from the medulla; Figure e shows one of these leaf traces in cross 
section. Such leaf traces are quite abundant in this specimen, but in 
the limited amount of material available, there was a complete ab- 
sence of short shoots,— a remarkable condition for an obvious Pity- 
oxylon. The trace appears to be always single, like those of the 
fascicular leaves of all living pines, at the point of departure from the 
pith. Further, like those traces the xylem is entirely centrifugal. 
Not infrequently a resin canal accompanies the strand in its outward 
passage, rarely two. 

The rays are of two sorts,— linear and fusiform. The latter are 
very numerous; they consist of parenchymatous elements embracing a 
resin duct, a foliar trace, or both. The character of the linear rays 
may be inferred from the photomicrographs. They are low and highly 
resinous; the walls are comparatively thin and heavily pitted. The 
lateral pits are usually one to each cross field, rarely two: they are 
piciform, with an elliptical opening on the side of the ray and a circu- 
lar one on that of the tracheide. Unlike living pines, all the cells 
composing the ray are parenchymatous, although those on the margin 
are often quite different from the others, being irregular in shape and 
destitute of resinous content. Figure c shows several instances of 
this condition. At first sight they appear to be ray tracheides, but 
the unbordered character of the pits negatives that possibility. 

The tracheides are uniformly small and thick-walled. The pits on 
the radial wall are uniseriate and scattered; in places, indications of 
the so called “ bars of Sanio”’ could be distinguished, but as a rule the 
indifferent state of preservation obscures this feature. In the majority 
of cases, the pits are confined to the radial walls, but those tracheides 
laid down at the end of the year’s growth, have pores also on the tan- 
gential wall. As is well known, this is characteristic of all the Abie- 
tineae except hard pines. 

The characteristics of the pith are evident from Figures b and d. 
There are two sorts of elements,— thin-walled parenchyma and thick- 
walled sclerenchyma, the latter standing out as black masses in the 
photographs. They show a general tendency toward arrangement in 
horizontal bands, which are not, however, sufficiently localized to 
form diaphragms. 

It remains now to consider the affinities of this lignite. The pres- 
ence of resin ducts in both horizontal and vertical planes affiliate it 
with the genus Pityorylon, Kraus. Like all previously described 
Cretaceous Pityoxyla (with the exception of Pinus scituatensiformis 
and possibly Pinus Nathorsti Conw. (15), about which however it is 
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impossible to tell, owing to imperfect preservation), the rays are 
devoid of tracheides, and bear out the conclusion of Jeffrey (11) that 
the majority of pines of this horizon had not yet acquired them. The 
affinities of this specimen must, therefore, lie with one of the four 
Abietineous genera normally possessing resin canals,— Pinus, Picea, 
Larix and Pseudotsuga. Both the last two have well marked wood 
parenchyma at the end of the year’s growth. Since this feature is 
lacking in our fossil, it cannot be related to them. Between Pinus and 
Picea, there is little occasion for hesitation. The abundant, tylosed 
resin canals, complete absence of spiral thickenings, thin-walled 
parenchyma forming the epithelium of the canals and the cells of the 
medullary rays, clearly indicate its connection with Pinus. Another 
criterion for distinguishing the wood of Pinus and Picea is the wound 
reaction. As pointed out by Jeffrey (1) dense tangential series of resin 
canals are an invariable concomitant of injury in the case of Picea. 
One fragment of the lignite under consideration had a large wound 
cap. This was carefully examined, but no trace of traumatic canals 
found. That the capacity for such a reversion had been acquired as 
early as the Cretaceous, is proved by the presence of a traumatic series 
in Pinites Ruffordi (12) from the Wealden of England. If our fossil 
were related to Picea, as severe a wound as it had received would have 
unquestionably stimulated this characteristic reaction. Against this 
proposed affiliation with Pinus, may be brought forward the absence 
of short shoots. Fontaine (8) however, has described from the Po- 
tomac certain coniferous remains with both fascicular leaves on lat- 
eral and terminal short shoots, and also primary leaves, borne directly 
on the main axis, which are spirally arranged like those of seedling 
pines. In view of the small amount of available material, it is en- 
tirely possible that our specimen really possessed typical short shoot 
organs. Jeffrey (9) has suggested that Prepinus may belong with this 
Leptostrobus of Fontaine’s. If such is the case, the lignite under 
discussion may be referred to Prepinus. Its characteristics are, in- 
deed, extremely like those of the wood of the brachyblast of P. state- 
nensis. Both have sclerified nests in the pith, resin canals in two 
planes, highly resinous rays with piciform lateral pitting and tan- 
gential pitting of the tracheides. On the other hand, there are certain 
important differences. Modern pines may be divided into the two 
classes,— hard and soft. Disregarding the differences in ray trache- 
ides, the characteristics of the two are,— first, hard pines have a 
double, soft,— a single, leaf trace (in both, however the trace leaves 
the wood of the brachyblast as one and divides in the cortex); second, 
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hard pines have two or more rows of resin canals in the first annual 
ring,— soft but one; third, hard pines (except most of the two needled 
varieties) have stone cells in the pith,— soft have none; fourth, hard 
pines have not, soft have, tangential pitting of the summer tracheides. 
Our lignite, then, is nearer the hard than the soft pines, having more 
than a single row of canals in the first annual ring, and stone cells, but 
it has also the tangential pitting of a soft pine. On the other hand, 
Prepinus statenensis has the sclerified pith of a hard pine, with the 
single leaf trace of a soft. Moreover, it has tangential pitting, and 
but one row of resin canals. It must be borne in mind, however, 
that we have to do with a brachyblast, and that the second row of 
resin ducts may be omitted for lack of space. This condition of 
affairs would be analogous to that of many living hard pines, where, 
as Pinus rigida, there may be but one row of canals in the short shoot, 
and sometimes none at all in the first annual ring of the seedling. 
The fact that the leaf trace of Prepinus statenensis is mesarch, 
whereas that of our specimen is endark, need not militate against 
this suggested relationship. In the first place, we have a record 
of only the fascicular leaves of Prepinus, and of only the primary 
leaves of this lignite: — there are no grounds for assuming that they 
must have been alike in this respect. In the second place, it is entirely 
possible that the strand, though endark in the wood, might acquire 
mesarch structure in the cortex, or even in the blade of the leaf. An 
analogous condition is true in the case of the Cycads. Any connec- 
tion between our specimen and Prepinus viticetensis (16) is less likely, 
because even though the latter has two rows of resin canals, it lacks 
the highly characteristic medullary stone cells. The identification of 
this lignite with the wood of Prepinus, or with either Leptostrobus, Heer 
or the somewhat similar Pinites Solmsi (17) of Seward,— both of 
which are known only superficially,— must remain very problematical. 

Its relation to other Pityoryla should next be considered. As re- 
gards other lignites from Cliffwood, it differs from Pinus protosclero- 
pitys in the absence of ray tracheides; and from Pityorylon hollickt 
Knowlton (18) in that the latter has ‘ punctations contiguous,’ ‘ thick- 
walled ray cells,’ and often two series of pits. Thickness is, of course 
a relative term, and more material of our specimen might show diseri- 
ate pitting. However, Knowlton states that the structure is ‘too 
obscure for accurate description,’ so further comparison is impossible. 
The lignite in question differs from Pinoxylon dacotense, Knowlton, in 
that the latter has only vertical canals, and from Pityoxylon statenense 
in that the latter has no stone cells in the pith. Further, it can- 
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not be identified with Pinites Ruffordi which has tyloses in the trache- 
ides and teeth in the ray parenchyma. One character absolutely puts 
P. Ruffordi out of the question,— it contains traumatic resin ducts,— 
which as pointed out above, were not present here. It cannot be 
placed with Pinus Nathorsti (15), which had thick-walled, unpitted 
parenchyma around the resin canals and lacked tangential pitting, 
or with Protopiceoxrylon antiquius Gothan (19). That species had 
thick-walled ray parenchyma, thick-walled epithelium around the 
resin canals, three to four pits to each crossfield on the lateral walls of 
the rays, and lacked tangential pitting,— features diametrically op- 
posed to those of our fossil. Accordingly, our specimen cannot be 
identified with any previously described. In view of the fact that the 
leaves were borne on the main axis exclusively, rather than on short 
shoots, it may appropriately be called Pityoxylon foliosum. The only 
other forms with such leaves are Pinus protoscleropitys and Prepinus. 
With the former it cannot be identified because that form had such 
abundant short shoots that it would be impossible to miss them, and 
further it had ray tracheides. As suggested above, it may very proba- 
bly be the wood of Prepinus. 


Pityoxylon anomalum n. sp. 


The third type of Pityoxylon differs from either of those previously 
described, though similar to P. foliosum. Figure f, Plate 3, shows the 
general topography of the stem. The annual rings are narrow and 
indistinct. Resin ducts are present, extending in two planes, but as 
is evident from a comparison of Figures 6 and e, Plate 3,— equally 
enlarged — they are much less frequent in this specimen than in the 
former. A further difference is that there is but one row in the first 
annual ring; this row occurs in the primary wood. Figure a, Plate 4, 
shows the character of the ducts. They are surrounded by a large 
mass of epithelium, which is completely filled with resin. This 
feature is best brought out in the longitudinal sections (Figures ), f, 
and g). The cells of this jacket are fairly thin-walled, and very heavily 
pitted, which doubtless accounts for the abundant tyloses, which are 
very thick-walled. As a rule there is but a single canal in each cluster 
of parenchyma,— rarely there are two. 

The tracheides are badly collapsed, and the lumen usually com- 
pletely obliterated. At times, however, in the better preserved 
regions, the characteristics of the pitting may be made out. In the 
lower part of Figure g, for example, a single row of pores may be ob- 
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hard pines have two or more rows of resin canals in the first annual 
ring,— soft but one; third, hard pines (except most of the two needled 
varieties) have stone cells in the pith,— soft have none; fourth, hard 
pines have not, soft have, tangential pitting of the summer tracheides. 
Our lignite, then, is nearer the hard than the soft pines, having more 
than a single row of canals in the first annual ring, and stone cells, but 
it has also the tangential pitting of a soft pine. On the other hand, 
Prepinus statenensis has the sclerified pith of a hard pine, with the 
single leaf trace of a soft. Moreover, it has tangential pitting, and 
but one row of resin canals. It must be borne in mind, however, 
that we have to do with a brachyblast, and that the second row of 
resin ducts may be omitted for lack of space. This condition of 
affairs would be analogous to that of many living hard pines, where, 
as Pinus rigida, there may be but one row of canals in the short shoot, 
and sometimes none at all in the first annual ring of the seedling. 
The fact that the leaf trace of Prepinus statenensis is mesarch, 
whereas that of our specimen is endark, need not militate against 
this suggested relationship. In the first place, we have a record 
of only the fascicular leaves of Prepinus, and of only the primary 
leaves of this lignite: — there are no grounds for assuming that they 
must have been alike in this respect. In the second place, it is entirely 
possible that the strand, though endark in the wood, might acquire 
mesarch structure in the cortex, or even in the blade of the leaf. An 
analogous condition is true in the case of the Cycads. Any connec- 
tion between our specimen and Prepinus viticetensis (16) is less likely, 
because even though the latter has two rows of resin canals, it lacks 
the highly characteristic medullary stone cells. The identification of 
this lignite with the wood of Prepinus, or with either Leptostrobus, Heer 
or the somewhat similar Pinites Solmsi (17) of Seward,— both of 
which are known only superficially,— must remain very problematical. 

Its relation to other Pityoxyla should next be considered. As re- 
gards other lignites from Cliffwood, it differs from Pinus protosclero- 
pitys in the absence of ray tracheides; and from Pityorylon hollicki 
Knowlton (18) in that the latter has ‘ punctations contiguous,’ ‘ thick- 
walled ray cells,’ and often two series of pits. Thickness is, of course 
a relative term, and more material of our specimen might show diseri- 
ate pitting. However, Knowlton states that the structure is ‘too 
obscure for accurate description,’ so further comparison is impossible. 
The lignite in question differs from Pinoxylon dacotense, Knowlton, in 
that the latter has only vertical canals, and from Pityoxylon statenense 
in that the latter has no stone cells in the pith. Further, it can- 
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not be identified with Pinites Ruffordi which has tyloses in the trache- 
ides and teeth in the ray parenchyma. One character absolutely puts 
P. Ruffordi out of the question,— it contains traumatic resin ducts,— 
which as pointed out above, were not present here. It cannot be 
placed with Pinus Nathorsti (15), which had thick-walled, unpitted 
parenchyma around the resin canals and lacked tangential pitting, 
or with Protopiceoxylon antiquius Gothan (19). That species had 
thick-walled ray parenchyma, thick-walled epithelium around the 
resin canals, three to four pits to each crossfield on the lateral walls of 
the rays, and lacked tangential pitting,— features diametrically op- 
posed to those of our fossil. Accordingly, our specimen cannot be 
identified with any previously described. In view of the fact that the 
leaves were borne on the main axis exclusively, rather than on short 
shoots, it may appropriately be called Pityoxylon foliosum. The only 
other forms with such leaves are Pinus protoscleroyitys and Prepinus. 
With the former it cannot be identified because that form had such 
abundant short shoots that it would be impossible to miss them, and 
further it had ray tracheides. As suggested above, it may very proba- 
bly be the wood of Prepinus. 


Pityoxylon anomalum n. sp. 


The third type of Pityoxylon differs from either of those previously 
described, though similar to P. foliosum. Figure f, Plate 3, shows the 
general topography of the stem. The annual rings are narrow and 
indistinct. Resin ducts are present, extending in two planes, but as 
is evident from a comparison of Figures b and e, Plate 3,— equally 
enlarged — they are much less frequent in this specimen than in the 
former. A further difference is that there is but one row in the first 
annual ring; this row occurs in the primary wood. Figure a, Plate 4, 
shows the character of the ducts. They are surrounded by a large 
mass of epithelium, which is completely filled with resin. This 
feature is best brought out in the longitudinal sections (Figures 3, f, 
and g). The cells of this jacket are fairly thin-walled, and very heavily 
pitted, which doubtless accounts for the abundant tyloses, which are 
very thick-walled. As a rule there is but a single canal in each cluster 
of parenchyma,— rarely there are two. 

The tracheides are badly collapsed, and the lumen usually com- 
pletely obliterated. At times, however, in the better preserved 
regions, the characteristics of the pitting may be made out. In the 
lower part of Figure g, for example, a single row of pores may be ob- 
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served. This is universally the case,— the tracheides being too narrow 
to accommodate a double series; in no case was the preservation suffi- 
ciently good to make out the bars of Sanio. Tangential pitting also 
is present, rather infrequently, on the face of the summer wood. 

The rays are of two sorts,— linear and fusiform. Their highly 
resinous condition obscures the pitting, which in favorable localities is 
seen to be piciform. The pores are one to each crossfield, circular on 
the wall of the tracheide, and elliptical on that of the ray. In no case 
was there evidence of pit fusion. 

The section photographed for Figure f, Plate 3, was cut at the region 
of the exit of a brachyblast. Figure e, Plate 4, shows its structure in 
cross section. The enlargement is the same as that of Figure c, which 
represents Pinus protoscleropitys. In the case of both, the short 
shoots are much larger than those of living pines, and in the medulla 
of each, there are aggregations of sclerified tissue similar to that of the 
main axis. 

The affinities of this specimen are rather difficult to determine. 
The presence of short shoots and the absence of wood parenchyma 
relegate it definitely to Pinus. Further it is impossible to go, for it 
has the characteristics of neither a hard nor a soft pine exclusively, — 
the presence of tangential pitting and single row of resin canals excludes 
the former, and the presence of stone cells excludes the latter. As 
regards other fossil forms, its affinities are equally indefinite. It lacks 
the ray tracheides of Pinus scituatensiformis, P. succinifera or P. 
protoscleropitys, and the tracheary tyloses and toothed ray parenchyma 
of Pinites Ruffordi; unlike Protomceoxrylon antiquius and Pinus 
Nathorsti, there is tangential pitting. On the other hand, Pityoxrylon 
statenense has no sclerenchyma in the pith, and P. foliosum has 
abundant leaf traces. Granted that Prepinus really belongs with 
Leptostrobus this cannot be the wood of Prepinus, because it has no 
primary leaves. In other characteristics, its general resemblance to 
Prepinus is quite striking. The woods look alike,— both have stone 
cells in the pith, resinous rays, piciform ray pitting,— further both 
have numerous small crystals,—a feature of neither of the other 
specimens. 

In view of these apparent points of difference from other forms, it is 
suggested that this fossil be called Pityorylon anomalum. 
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SUMMARY. 


1. The Pityoxyla of Cliffwood, New Jersey, include the following 
previously undescribed varieties: 

(1) Pinus protoscleropitys,— probably the earliest form with all 
the characters of a modern hard pine, yet retaining certain 
ancestral features, as the association of primary and fascicular 
leaves, the latter borne on brachyblasts subtended by a foliar 
trace. 

(2) Pityorylon foliosum,— possibly the wood of Prepinus, with all 
its leaves borne directly on the main axis, and presenting mingled 
characteristics now confined exclusively to either hard or soft 
pines. 

(3) Pityorylon anomalum,— with ligneous features extremely like 
those of Prepinus, yet with all its leaves borne on short shoots. 

2. The absence of tangential pitting in the first described Pity- 
oxylon, and its presence in the other two, confirm the conclusions 
of Jeffrey and Chrysler that tangential pitting is a primitive 
feature now lost in the more highly specialized hard pines. 

3. The absence of evidence confirming the origin of ray tracheides 
from vertical tracheides of the wood, renders it unlikely that this 
hypothesis is correct. 

4. The occurrence of a completely differentiated hard pine as far 
back as the Middle Cretaceous is an argument for the great 
geological antiquity of the pines as such. 


In conclusion, I wish to thank Professor E. C. Jeffrey for all the 
material used in this investigation, for an opportunity to examine 
sections of Prepinus, and for his helpful advice throughout the 
course of the work. To Professor I. W. Bailey, I am indebted for 
opportunity to study sections of Pinus scituatensiformis, and to Mr. 
E. W. Sinnott for sections of various living pines. 
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DESCRIPTION OF PLATES. 


PLATE 1. 


Pinus protoscleropitys, transverse section of wood. X 40. 


Same, transverse section near pith. X 15. 
Same, radial section. X 40. 

Same. X 80. 

Same, tangential section of wood. X 40. 
Same, showing leaf trace. X 60. 


PLATE 2. 


Same, radial section, showing ray pitting. x 150. 
Same. 500. 

Same, showing ray tracheides. X 150. 

Same. X 500. 

Same, showing teeth in tracheide. x 500. 

Same, showing radial pitting of tracheide. > 600. 


PLATE 3. 


Pityoxylon foliosum, transverse section of wood. xX 40. 


Same, transverse section at pith. X 12. 

Same, radial section of wood. X 40. 

Same, radial section at pith. X 12. 

Same, tangential section of wood. X 40. 

Pityoxylon anomalum, transverse section at pith. x 12. 


PLATE 4. 


Same, transverse section of wood. X 40. 
Same, tangential section of wood. X 40. 


Pinus protoscleropitys, tangential section including short shoot. 


x 15. 


Same, including leaf trace and short shoot, cut nearer pith. X 12. 


Pityoxylon anomalum, tangential section, including short shoot. 


Same, radial section of wood. X 40. 
Same. X 80. 


x 15. 
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HOLDEN-CRETACEOUS PITYOXYLA. 
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